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(54) EXPOSURE APPARATUS AND METHOD FOR MANUFACTURING DEVICE 



(57) An exposure apparatus EX wherein an image 
of a pattern is projected onto a substrate P via a projection 
optical system PL to expose the substrate P, includes: a 
substrate moving device PST that is movable while hold- 
ing the substrate P above the projection optical system 
PL; and a liquid immersion unit 100 that fills at least a 
portion of the space between the projection optical sys- 
tem PL and the substrate P with a liquid 30, wherein the 
image of the pattern is projected onto the substrate P via 
the projection optical system PL and the liquid 30. With 
this structure, the exposure apparatus enables to sup- 
press scattering of the liquid for forming a liquid immer- 
sion region, and carry out an exposure process of the 
substrate with high accuracy without having the piping 
for supply and recover of the liquid obstruct the move- 
ment of the substrate stage. 
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Description 

[0001] Priority is claimed on Japanese Patent Applica- 
tion No. 2003-103145, filed April 7, 2003, the content of 
which is incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to an exposure 
apparatus and a device manufacturing method in which 
an image of a pattern is projection-exposed onto a sub- 
strate via a projection optical system and, in particular, 
to a liquid immersion type exposure apparatus. 

BACKGROUND ART 

[0003] Semiconductor devices and liquid crystal dis- 
play devices are manufactured through the so-called 
photolithography technique, by which a pattern formed 
on a mask is transferred onto a photosensitive substrate. 
The exposure apparatus used in the photolithography 
process has a mask stage that supports a mask and a 
substrate stage that supports a substrate, and transfers 
the mask pattern, via a projection optical system, onto 
the substrate while successively moving the mask stage 
and the substrate stage. In recent years, there has been 
demand for higher resolution projection optical systems 
in order to handle the much higher levels of integration 
of device patterns. As the exposure wavelength to be 
used is shorter, the resolution of the projection optical 
system becomes higher. As the numerical aperture of 
the projection optical system is larger, the resolution of 
the projection optical system becomes higher. Conse- 
quently, the exposure wavelength used in exposure ap- 
paratuses has shortened year by year, and the numerical 
aperture of projection optical systems has also in- 
creased. Furthermore, the currently mainstream expo- 
sure wavelength is the 248 nm KrF excimer laser, but an 
even shorter wavelength 193 nm ArF excimer laser is 
also being commercialized. In addition, as well as reso- 
lution, the depth of focus (DOF) is also important when 
performing an exposure. The resolution R and the depth 
of focus 5 are respectively expressed by the following 
formulas: 

R = k,-A/NA, (1) 
5 - ±k 2 -X/NA 2 , (2) 

where X is the exposure wavelength, NA is the numerical 
aperture of the projection optical system, and k-, and k 2 
are process coefficients. It can be seen from formulas 
(1 ) and (2) that if, to enhance the resolution R, the wave- 
length X is made shorter and the numerical aperture is 
made larger, then the depth of focus 5 becomes narrower. 



[0004] When the depth of focus 5 becomes too narrow, 
it becomes difficult to make the substrate surface coin- 
cide with the image plane of the projection optical system, 
and thus there occurs the possibility that the focus margin 

5 during the exposure operation will be insufficient. Accord- 
ingly, the liquid immersion method has been proposed, 
as disclosed in, for example, Japanese Unexamined Pat- 
ent Application, First Publication No. H10-303114, as a 
method to substantially shorten the exposure wavelength 

10 and increase the depth of focus. This liquid immersion 
method is designed to, by filling the space between the 
under surface of the projection optical system and the 
substrate surface with a liquid, e.g., water or organic sol- 
vent, form a liquid immersion region and thus by taking 

15 advantage of the fact that the wavelength of the exposure 
light in the liquid becomes 1/n times (n is the refractive 
index of the liquid and is generally about 1.2 to 1.6) of 
that in the air, improve the resolution and, at the same 
time, enlarge the depth of focus by approximately n times. 

20 [0005] By the way, with the above-mentioned related 
art, there are problems as described below. 
[0006] The immersion liquid type exposure apparatus 
disclosed in the above-mentioned Japanese Unexam- 
ined Patent Application, First Publication No. 

25 H10-303114, is configured such that a liquid bath is 
formed of a holder table, wall portions, etc. on a substrate 
stage, and a substrate is positioned in the liquid bath. In 
the case of such a configuration, when the substrate 
stage is moved, there arises not only the possibility that 

30 the liquid surface undulates and the liquid scatters, but 
also the possibility that the pattern image projected onto 
the substrate deteriorates due to the undulation of the 
liquid. In addition, pipings for supplying and recovering 
the liquid need to be connected to the substrate stage, 

35 which may adversely affect the movement accuracy of 
the stage. 

DISCLOSURE OF INVENTION 

40 [0007] The present invention has been made in con- 
sideration of such situations, and its objective is to pro- 
vide an exposure apparatus and a device manufacturing 
method in which scattering of the liquid for forming a liquid 
immersion region is suppressed, the movement of the 

45 substrate stage is not obstructed by pipings and the like 
for supplying and recovering the liquid, and a substrate 
can be exposed with a required pattern accuracy. 
[0008] To resolve the above-described problems, the 
present invention adopts the following configuration cor- 

50 responding to FIGS. 1 to 8 as illustrated in embodiments. 
[0009] An exposure apparatus (EX) of the present in- 
vention is an exposure apparatus wherein an image of a 
pattern is projected onto a substrate (P) via a projection 
optical system (PL) to expose the substrate (P), the ex- 

55 posure apparatus includes a substrate moving means 
(PST) that is movable while holding the substrate (P) 
above the projection optical system (PL) and a liquid im- 
mersion unit (100) that fills at least a portion of the space 
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between the projection optical system (PL), wherein the 
substrate (P) with a liquid (30) and projects the image of 
a pattern onto the substrate (P) via the projection optical 
system (PL) and the liquid (30). 

[0010] Further, a device manufacturing method of the 
present invention uses the above-described exposure 
apparatus (EX). 

[001 1] In accordance with the present invention, since 
the substrate moving device that is movable while holding 
the substrate is provided above the projection optical sys- 
tem, a liquid immersion region can be formed between 
the projection optical system and the substrate, with the 
liquid being held on the upper end portion of the projection 
optical system fixed at a predetermined position. That is, 
since it is configured such that the substrate moves rel- 
ative to the liquid, scattering of the liquid can be sup- 
pressed, and deterioration of the pattern image projected 
onto the substrate can be prevented. In addition, since 
pipings and the like for supplying and recovering the liquid 
for forming the liquid immersion region on the upper end 
portion of the fixed projection optical system need not be 
connected to the substrate moving device (substrate 
stage), deterioration of the movement accuracy of the 
substrate stage due to the pipings and the like does not 
occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

FIG. 1 is an outline configuration drawing showing a 
first embodiment of an exposure apparatus of the 
present invention. 

FIG. 2 is an enlarged drawing of a main part of FIG. 
1 and is a sectional side view showing a liquid im- 
mersion unit and its vicinity. 

FIG. 3 is a plan view of the liquid immersion unit of 
FIG. 2 viewed from above. 

FIG. 4 is a plan view showing another liquid immer- 
sion unit embodiment. 

FIG. 5 is an enlarged main part drawing showing a 
second embodiment of an exposure apparatus of 
the present invention. 

FIG. 6 is a plan view of the liquid immersion unit of 
FIG. 1 viewed from above. 

FIG. 7 is a plan view showing another liquid immer- 
sion unit embodiment. 

FIG. 8 is a flowchart showing an example of a sem- 
iconductor device manufacturing process. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 3] Now, referring to the drawings, an exposure ap- 
paratus of the present invention will be described. FIG. 
1 is an outline configuration drawing showing a first em- 
bodiment of an exposure apparatus of the present inven- 
tion. 

[0014] Referring to FIG. 1 , an exposure apparatus EX 



is provided with a mask stage MST that holds a mask M, 
a substrate stage PST that holds a substrate P, an illu- 
mination optical system IL that illuminates the mask M 
held by the mask stage MST with exposure light EL, a 

5 projection optica! system PL that projects a pattern image 
of the mask M illuminated with the exposure light EL onto 
the substrate P held by the substrate stage PST, and a 
controller CONT that controls the overall operation of the 
exposure apparatus EX. The projection optical system 

10 PL is configured to form an image plane thereabove. The 
mask stage MST that holds the mask M is disposed under 
the projection optical system PL, and on the other hand, 
the substrate stage PST that holds the substrate P is 
disposed above the projection optical system PL. 

15 [001 5] The exposure apparatus EX of the embodiment 
is a liquid immersion type exposure apparatus to which 
a liquid immersion method is applied, with the exposure 
wavelength being shortened in effect, to improve the res- 
olution and at the same time to widen the depth of focus 

20 and is provided with a liquid immersion unit 100 consti- 
tuting a part of a liquid immersion device that fills at least 
a portion of the space between the projection optical sys- 
tem PL and the substrate P. The liquid immersion unit 
100 is provided with a liquid bath 10 that is fixed to the 

25 upper end portion on the image plane side of projection 
optical system PL, a liquid supply device 1 that supplies 
liquid 30 via a supply pipe 3 forming a flow path to the 
liquid bath 1 0, and a liquid recovery device 2 that recovers 
the liquid via a recovery pipe 4 forming a flow path of the 

30 liquid from the liquid bath 10. And, in the exposure ap- 
paratus EX, at least while transferring the pattern image 
of the mask M onto the substrate P, at least a portion of 
the space between the projection optical system PL and 
the substrate P is filled with the liquid 30 supplied from 

35 the liquid supply device 1 of the liquid immersion unit 1 00 
and a liquid immersion region AR2 is formed so as to 
include the projection area AR1 of the projection optical 
system PL. Specifically, in the exposure apparatus EX, 
the space between the optical element PLa located at 

40 the upper end portion of the projection optical system PL 
and the exposure surface (top surface) of the substrate 
P is filled with the liquid 30, and the pattern image of the 
mask M is projected onto the substrate P via the projec- 
tion optical system PL and the liquid 30 between the pro- 

45 jection optical system PL and the substrate P, and thus 
the substrate P is exposed. 

[0016] The embodiment will now be explained as ex- 
emplified by a case of the use of the scanning type ex- 
posure apparatus (so-called scanning stepper) as the 

50 exposure apparatus EX in which the substrate P is ex- 
posed with the pattern formed on the mask M while syn- 
chronously moving the mask M and the substrate P in 
mutually different directions (opposite directions) along 
the scanning direction. In the following description, it is 

55 assumed that the direction that coincides with the optical 
axis AX of the projection optical system PL is referred to 
as the Z-axis direction, that the synchronous movement 
direction (the scanning direction), in a plane perpendic- 
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ular to the Z-axis direction, of the mask M and the sub- 
strate P is referred to as the X-axis direction, and that 
the direction perpendicular to the Z-direction and to the 
Y-direction is referred to as the Y-direction (the non-scan- 
ning direction). Further, it is assumed that the direction 
around the X-axis, the direction around the Y-axis, and 
the direction around the Z-axis are respectively referred 
to as the eX-direction, the 6Y-direction, and the eZ-direc- 
tion. It should be noted that the "substrate" referred to 
herein includes a semiconductor wafer over which a pho- 
toresist, a photosensitive material, is coated and that the 
"mask" includes a reticle formed with a device pattern to 
be reduction projected onto a substrate. 
[0017] The illumination optical system IL is for illumi- 
nating the mask M held by the mask stage MST with the 
exposure light EL and comprises an exposure light 
source, an optical integrator for uniforming the illumi- 
nance of a light flux emitted from the exposure light 
source, a condenser lens for condensing the exposure 
light EL from the optical integrator, a relay lens system, 
a variable field stop for setting an illumination area on 
the mask M formed by the exposure light EL to be of a 
slit-like shape, etc. A predetermined illumination area on 
the mask M is illuminated, by the illumination optical sys- 
tem IL, with the exposure light EL having a uniform illu- 
minance distribution. As the exposure light EL emitted 
from the illumination optical system IL, for example, a 
bright line of ultraviolet region (g-line, h-line, i-line) emit- 
ted from a mercury lamp, a deep ultraviolet light (DUV 
light) such as a KrF excimer laser light (wavelength of 
248 nm), and a vacuum ultraviolet light (VUV light) such 
as an ArF excimer laser light (wavelength of 193 nm) or 
an F 2 laser light (wavelength of 157 nm) may be used. 
In the embodiment, an ArF excimer laser light is used. 
[001 8] The mask stage MST is for supporting the mask 
M, is disposed under the projection optical system PL, 
and is two-dimensionally movable and finely rotatable in 
the eZ-direction, in a plane perpendicular to the optical 
axis AX, i.e., in the XY-plane. In the mask stage MST are 
provided vacuum suction holes for vacuum sucking mask 
M. The mask M is sucked by and held on the mask stage 
MST via the vacuum suction holes so that the pattern 
surface of the mask M is directed upwardly (in the +Z 
direction). Further, the mask MST is driven by mask stage 
driving unit MSTD such as a linear motor. The mask stage 
driving unit MSTD is controlled by the controller CONT. 
The mask stage MST is provided with a moving mirror 
50. Further, a laser interferometer 51 is positioned at a 
position facing the moving mirror 50. The two-dimension- 
al position and the rotation angle of the mask M held by 
the mask stage MST are measured by the laser interfer- 
ometer 51 in real time, and the measurement results are 
outputted to the controller CONT. By driving the mask 
stage driving unit MSTD based on the measurement re- 
sults from the laser interferometer 51, the controller 
CONT performs positioning of the mask M held by the 
mask stage MST. 

[0019] The projection optical system PL is for projec- 



tion exposing the pattern of the mask M onto the substrate 
P at a predetermined projection magnification of p. The 
projection optica! system PL is constituted by a plurality 
of optical elements, including an optical element (lens) 

5 PLa disposed at the substrate P side upper end portion, 
and those optical elements are supported by a lens barrel 
PK. And, the projection optical system PL is arranged 
such that it forms thereabove an image plane. In the em- 
bodiment, the projection optical system PL is a reduction 

10 system of which projection magnification p is, e.g., 1/4 
or 1/5. It should be noted that the projection optical sys- 
tem PL may also be either a 1 x magnification system or 
a magnifying system. Also note that the optical element 
PLa at the upper end portion of the projection optical 

15 system PL of the embodiment is detachable (exchange- 
able) relative to the lens barrel PK, and the liquid 30 of 
the liquid immersion region AR2 is in contact with the 
optical element PLa. The liquid contact surface of the 
optical element PLa is a plane substantially parallel to 

20 the XY-plane. 

[0020] The substrate stage PST constituting a part of 
a substrate moving device is movable while holding sub- 
strate P. The substrate stage PST is provided with a Z 
stage 52 that holds substrate P via a substrate holder, a 

25 XY stage 53 that supports the Z stage 52, and a base 54 
that supports the XY stage 53. The base 54 is supported 
by a supporting member different from a supporting 
member that supports, e.g., the projection optical system 
PL. The substrate holder of the substrate stage PST 

30 holds the substrate P so that the substrate P's exposure 
surface that is coated with a photosensitive material and 
is to be exposed is directed downwardly (in the -Z direc- 
tion). On the surface (under surface) of the substrate 
holder are provided a plurality of vacuum suction holes 

35 that communicate with a vacuum device. The substrate 
holder sucks and holds the substrate P via the vacuum 
suction holes. Further, the substrate stage PST is driven 
by the substrate stage driving unit PSTD such as a linear 
motor. The substrate stage driving unit PSTD is control- 

40 led by the controller CONT. By driving the Z stage 52, 
the Z-direction position (focus position) and the 9X-direc- 
tion and GY-direction positions of the substrate P held by 
the Z stage 52 are controlled. Further, by driving the XY 
stage 53, the XY-direction position (the position in the 

45 direction substantially parallel to the image plane of the 
projection optical system PL) of the substrate P is con- 
trolled. More specifically, the Z stage 52, by controlling 
the focus position and inclination angle of the substrate 
P, makes the surface of the substrate P to coincide with 

so the image plane of the projection optical system PL in an 
auto-focus manner and an auto-leveling manner, the XY 
stage 53 performs positioning of the substrate P in the 
X-axis and Y-axis directions. It is to be noted that need- 
less to say, the Z stage and the XY stage may be integrally 

55 constructed. 

[0021] The substrate stage PST (Z stage 52) is pro- 
vided with a moving mirror 55. Further, a laser interfer- 
ometer 56 is positioned at a position facing the moving 
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mirror 55. The two-dimensional position and the rotation 
angle of the substrate P held by the substrate stage PST 
are measured by the laser interferometer 56 in real time, 
and the measurement results are outputted to the con- 
troller CONT. By driving the substrate stage driving unit 
PSTD based on the measurement results from the laser 
interferometer 56, the controller CONT performs posi- 
tioning of the substrate P held by the substrate stage 
PST. 

[0022] FIG. 2 is an enlarged drawing of a main part of 
FIG. 1 and is a sectional side view showing the liquid 
immersion unit 100. In FIG. 2, the liquid immersion unit 
100 is provided with the liquid bath 10 that has a side 
wall portion 10C and can hold the liquid 30, the liquid 
supply device 1 that supplies the liquid 30 to the liquid 
bath 10 via the supply pipe 3, and the liquid recovery 
device 2 that recovers the liquid 30 via the recovery pipe 
4, 

[0023] The liquid supply device 1 is provided with a 
tank that stores the liquid 30, a compressing pump, etc. 
and supplies the liquid 30 to the liquid bath 10 via the 
supply pipe 3. The liquid supply operation of the liquid 
supply device 1 is controlled by the controller CONT. The 
controller CONT can control the per-unit-time liquid sup- 
ply amount to the liquid bath 1 0 of the liquid supply device 
1. Further, the liquid supply device 1 is provided with a 
temperature adjusting device that adjusts the tempera- 
ture of the liquid 30 to be supplied to the liquid bath 10. 
By using the temperature adjusting device, the liquid sup- 
ply device 1 sets the temperature of the liquid 30 to be 
supplied to the liquid bath 10 to be, for example, sub- 
stantially the same temperature as that inside a chamber 
in which the exposure apparatus EX is accommodated. 
Further, the supply pipe 3 is provided with a rectifying 
members 5 for rectifying the liquid 30 to be supplied to 
the liquid bath 10. The rectifying members 5 are consti- 
tuted by, e.g., a porous material or a slit member having 
a slit-shaped flow path. Still further, the liquid supply de- 
vice 1 may be provided with a gas bubble removal device 
(a degas unit) that removes gas bubbles contained in the 
liquid 30 to be supplied to the liquid bath 10. The gas 
bubble removal device can be constructed by, for exam- 
ple, a heating device that removes the gas bubbles by 
heating the liquid 30 or a decompressing unit in which 
the liquid 30 is stored in a predetermined a container and, 
by reducing the pressure inside the container, the gas 
bubbles are removed. 

[0024] In the embodiment, purified water is used as 
the liquid 30. The purified water can transmit not only ArF 
excimer laser light, but also the exposure light EL even 
when it is, for example, a bright line of ultraviolet region 
(g-line, h-line, or i-line) emitted from a mercury lamp or 
deep ultraviolet light (DUV light) such as KrF excimer 
laser light (wavelength of 248 nm). 
[0025] The liquid recovery device 2 is for recovering 
the liquid 30 in the liquid bath 10, is provided with, e.g., 
a suction device such as a vacuum pump, a tank that 
stores the recovered liquid 30, etc. The liquid recovery 



device 2 recovers the liquid 30 in the liquid bath 10 via 
the recovery pipe 4. The liquid recovery operation of the 
liquid recovery device 2 is controlled by the controller 
CONT, and the controller CONT can control the 
5 per-unit-time liquid recovery amount of the liquid recov- 
ery device 2. 

[0026] The liquid bath 10 is for holding the liquid 30. 
The liquid bath 10 has the side wall portion 10c, and is 
attached to the upper end portion of the lens barrel of the 

10 projection optical system PL. On the top portion of the 
liquid bath 10 is formed an opening portion 10A, and the 
liquid 30 held by the liquid bath 1 0 is exposed toward the 
outside of the liquid bath 10 via the opening portion 10A. 
Here, the size of the opening portion 10A is formed to be 

15 larger than that of the projection area AR1 of the projec- 
tion optical system PL. On the other hand, in a bottom 
portion 10D of the liquid bath 1 0 is formed a through-hole 
10B. Into the through-hole 10B of the liquid bath 10 is 
fitted the lens barrel upper portion (not shown) of the 

20 projection optical system PL, and between the 
through-hole 1 0B and the lens barrel is provided a sealing 
member for preventing leakage of the liquid 30 in the 
liquid bath 10. Further, the upper end surface of the op- 
tical element PLa of the projection optical system PL is 

25 positioned to be lower than the upper end surface of the 
side wall portion 10c of the liquid bath 10; and thus, it is 
configured such that when the liquid bath 10 is filled with 
liquid 30, the upper end portion including the upper end 
surface of the optical element PLa is immersed in the 

30 liquid 30. Here, the liquid bath 10 is formed by, e.g., a 
ceramic material. Such a ceramic material, even if a part 
thereof elutes into the liquid 30, hardly affects the pho- 
tosensitive material coated on the exposure surface of 
the substrate P. 

35 [0027] The substrate stage PST is configured such that 
the exposure surface of the substrate P held by the stage 
is located apart from the upper end portion of the liquid 
bath 10 by a predetermined distance. More specifically, 
the distance between the substrate P and the liquid bath 

40 1 o is set such that the exposure surface of the substrate 
P and the liquid 30 exposed upwardly from the opening 
portion 10A of the liquid bath 10 come into contact with 
each other through the surface tension of the liquid 30. 
[0028] FIG 3 is a view of the liquid immersion unit 100 

45 viewed from above. In FIG. 3, the upper end optical ele- 
ment PLa of the projection optical system PL is formed 
to be circular when viewed from the top, and the liquid 
bath 10 and its opening portion 10A are also formed to 
be circular when viewed from the top. And, the optical 

50 element PLa is located in substantially the center portion 
of the liquid bath 1 0 (the opening portion 1 0A). The supply 
pipe 3 connected to the liquid supply device 1 branches, 
halfway, into three flow paths, and each of the branch 
flow paths is respectively connected to either one of the 

55 three supply ports 6A-6C provided on the -X side of the 
optical element PLa of the projection optical system PL. 
On the other hand, on the +X side of the optical element 
PLa are provided two recovery ports 7A and 7B; and the 



5 



9 



EP 1 612 850 A1 



10 



flow paths, each connected to either one of those recov- 
ery ports 7A and 7B, are assembled into one, and the 
assembled flow path is connected to the recovery pipe 
4. In other words, it is configured such that the supply 
ports 6A-6C connected to the liquid supply device 1 via 
the supply pipe 3 are provided on the -X side, and the 
recovery ports 7A and 7B connected to the liquid recovery 
device 2 via the recovery pipe 4 are provided on the +X 
side, in a manner in which the upper end portion of the 
optical element PLa of the projection optical system PL 
is interposed between the supply ports and the recovery 
ports. 

[0029] Further, supply ports 8A-8C and recovery ports 
9A and 9B are disposed in the arrangement in which the 
supply ports 6A-6C and the recovery ports 7A and 7B 
are rotated by substantially 180 degrees. The supply 
ports 8A-8C are connected to the liquid supply device 1 
via the supply pipe 1 1 , and the recovery ports 9A and 9B 
are connected to the liquid recovery device 2 via the re- 
covery pipe 12. The supply ports 6A-6C and the recovery 
ports 9A and 9B are disposed alternately in the Y-direc- 
tion, and the supply ports 8A-8C and the recovery ports 
7A and 7B are disposed alternately in the Y-direction. 
[0030] And, in the case of performing scanning expo- 
sure by moving the substrate P in the scanning direction 
(+X direction) indicated by arrow Xa, the supply and the 
recovery of the liquid 30 are performed by the liquid sup- 
ply device 1 and the liquid recovery device 2, by the use 
of the supply pipe 3, the supply ports 6A-6C, the recovery 
pipe 4, and the recovery ports 7A and 7B. More specifi- 
cally, when the substrate P moves in the +X direction, 
the liquid 30 is supplied from the liquid supply device 1 
to the liquid bath 10 including the space between the 
projection optical system PL and substrate P via the sup- 
ply pipe 3 and the supply ports 6A-6C, and, at the same 
time, the liquid 30 is recovered by the liquid recovery 
device 2 via the recovery ports 7A and 7B and the recov- 
ery pipe 4, with the liquid 30 flowing in the +X direction 
in liquid bath 10. On the other hand, in the case of per- 
forming scanning exposure by moving the substrate P in 
the scanning direction (-X direction) indicated by arrow 
Xb, the supply and the recovery of the liquid 30 are per- 
formed by the liquid supply device 1 and the liquid recov- 
ery device 2, by the use of the supply pipe 1 1 , the supply 
ports 8A-8C, the recovery pipe 12, and the recovery ports 
9A and 9B. More specifically, when the substrate P 
moves in the -X direction, the liquid 30 is supplied from 
the liquid supply device 1 to the liquid bath 10 including 
the space between the projection optical system PL and 
the substrate P via the supply pipe 1 1 and the supply 
ports 8A-8C, and, at the same time, the liquid 30 is re- 
covered by the liquid recovery device 2 via the recovery 
ports 9A and 9B and the recovery pipe 1 2, with the liquid 
30 flowing in the -X direction in the liquid bath 10. 
[0031] In this way, the controller CONT, by using the 
liquid supply device 1 and the liquid recovery device 2, 
makes liquid 30 flow along the moving direction of the 
substrate P and in the same direction as the moving di- 



rection of the substrate P. Thus, fresh and clean liquid 
30 can be continuously supplied to the space between 
the projection optical system PL and the substrate P. 
And, by changing, in response to the scanning direction, 

5 the direction in which liquid 30 is made to flow, the space 
between the projection optical system PL and the sub- 
strate P can be filled with the liquid 30, both in of the case 
where the substrate P is scanned in the +X direction and 
in the case where the substrate P is scanned in the -X 

10 direction, which makes it possible to obtain a high reso- 
lution and a wide depth of focus. 
[0032] By the way, on the side wall portion 10C or the 
bottom portion 10Dofthe liquid bath 10 may be attached, 
for example, a focus detection system that can detect 

15 the surface position of the substrate P relative to the im- 
age plane of the projection optical system PL. In this case, 
the focus detection light passes through the liquid 30. 
[0033] Next, an explanation will be made about a pro- 
cedure for exposing the substrate P with the pattern of 

20 the mask M by using the exposure apparatus EX de- 
scribed above. 

[0034] Here, the exposure apparatus EX of the present 
embodiment projection-exposes the pattern image of the 
mask M onto the substrate P while moving mask M and 

25 substrate P in the X-direction (scanning direction); and, 
during scanning exposure, a pattern image of a part of 
the mask M is projected onto the projection area AR1 
formed above the projection optical system PL, and in 
synchronization with the movement of the mask M in the 

30 -x direction (or in the +X direction) at speed V, the sub- 
strate P moves, via the XY stage 53, in the +X direction 
(or in the -X direction) at speed p-V (P is the projection 
magnification). And, after completion of exposure for one 
shot area, a next shot area is brought to the projection 

35 area through the stepping movement of the substrate P, 
and in this way, exposure for each shot area is succes- 
sively performed through the step-and-scan method. 
[0035] First, after the mask M being loaded on the 
mask stage MST and at the same time the substrate P 

40 being loaded on the substrate stage PST, the controller 
CONT drives the liquid supply device 1 and the liquid 
recovery device 2 and starts the supply and recovery 
operations of the liquid 30 relative to the liquid bath 10. 
Liquid 30 delivered from the liquid supply device 1 to form 

^5 the liquid immersion region AR2, after flowing through 
the supply pipe 3, is supplied to the liquid bath 10 via the 
supply ports 6A-6C. And, the controller CONT illuminates 
the mask M with the exposure light EL by means of the 
illumination optical system IL while synchronously mov- 

50 jng the mask M and the substrate P and projects the 
pattern image of the mask M onto the substrate P via the 
projection optical system PL and the liquid 30. 
[0036] While performing scanning exposure with the 
substrate P being moved in, e.g., the +X-direction, the 

55 liquid supply device 1 and the liquid recovery device 2 
continue to perform the liquid supply operation and the 
liquid recovery operation. Since, by doing so, the tem- 
perature-adjusted liquid 30 is always supplied from the 
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liquid supply device 1 to the liquid bath 10, excessive 
temperature change (temperature rise) of the liquid 30 
in liquid bath 1 0 due to the irradiation heat of the exposure 
light can be suppressed, which realizes a high accuracy 
exposure of the pattern image. 

[0037] With the liquid supply operation by the liquid 
supply device 1 and the liquid recovery operation by the 
liquid recovery device 2 being performed in a coordinated 
manner, the liquid 30 flows, between the substrate P and 
the optical element PLa of the projection optical system 
PL, in the direction parallel to (in the same direction as) 
the scanning direction of the substrate P. Further, when 
the liquid supply operation by the liquid supply device 1 
and the liquid recovery operation by the liquid recovery 
device 2 are performed in a coordinated manner, the ex- 
posure surface of the substrate P and the surface of liquid 
30 exposed upwardly from the aperture portion 10A of 
the liquid bath 10 come into contact with each other with 
the aid of the surface tension of liquid 30, and thus the 
liquid 30 is disposed between the projection areaARI on 
the substrate P and the optical element PLa, forming the 
liquid immersion region AR2. Thus, the substrate P is 
exposed in the state in which the substrate P is held by 
the substrate stage PST such that the exposure surface 
of the substrate P comes into contact with the surface of 
liquid 30. In this configuration, since the exposure surface 
of the substrate P and the surface of liquid 30 are in con- 
tact with each other with the aid of the surface tension of 
liquid 30, a slight gap is formed between the exposure 
surface of the substrate P and the upper end surface of 
the liquid bath 10. Because of this, the substrate stage 
PST can freely move the substrate P in the XY-plane, 
with the substrate not being in contact with liquid bath 1 0. 
[0038] By the way, when the scanning speed of the 
substrate P is changed, the controller CONT may 
change, depending on the scanning speed of the sub- 
strate P, the per-unit-time liquid supply amount of the 
liquid supply device 1 and the per-unit-time liquid recov- 
ery amount of the liquid recovery device 2. Specifically, 
when the moving speed of the substrate P is increased, 
the per-unit-time liquid supply amount and the 
per-unit-time liquid recovery amount are increased. By 
doing so, the flow rate of liquid 30 flowing between the 
projection optical system PL and the substrate P also 
increases in accordance with the moving speed of the 
substrate P, and thus the liquid immersion region AR2 
can be smoothly formed between the projection optical 
system PL and the substrate P. In addition, it is preferable 
that the size of the liquid bath 10 (the aperture portion 
1 0A) is determined in accordance with the moving speed 
of the substrate P. More specifically, when the moving 
speed of the substrate P is made to be higher, there arises 
the possibility that the liquid 30 in the liquid bath 10 is 
dragged by substrate P, the formation of the liquid im- 
mersion region AR2 becomes unstable, and the liquid 30 
cannot be disposed on the projection area AR1 on the 
substrate P, though the liquid 30 can be, by making the 
liquid bath 1 0 larger to make the area of the contact sur- 



face between the substrate P and the liquid 30 larger, 
smoothly disposed on the projection area AR1, even if 
the moving speed of the substrate P is made to be higher. 
[0039] Further, the distance between the liquid bath 

5 10 and the substrate P held by substrate stage PST may 
be determined in accordance with the surface tension 
(interfacial tension) of the liquid 30 to be used. Purified 
water is used as liquid 30 in the embodiment; but, when 
another kind of liquid is used, since the surface tension 

10 values (interfacial tension values) of liquids vary depend- 
ing on their material characteristics, the distance be- 
tween the liquid bath 10 and the substrate P is set in 
accordance with the surface tension of the liquid used. 
[0040] As described above, since the image plane of 

is the projection optical system PL is formed above the pro- 
jection optical system PL, and, at the same time, the sub- 
strate stage PST that is movable while holding the sub- 
strate P above the projection optical system PL is pro- 
vided, the liquid bath 10 of the liquid immersion unit 100 

20 can be provided on the upper end portion of the projection 
optical system PL that does not move, and the liquid im- 
mersion region AR2 can be formed between the projec- 
tion optical system PL and the substrate P. Since the 
position of the liquid bath 10 is fixed, the undulation of 

25 the liquid surface exposed upwardly from the aperture 
portion 1 0A of the liquid bath 1 0 and the scattering of the 
liquid can be prevented, and the deterioration of the pat- 
tern image projected onto the substrate P can be sup- 
pressed. Further, since, with the liquid bath 10 being pro- 

30 vided on the upper end portion of the projection optical 
system PL, the liquid supply device 1 for supplying liquid 
30 to form the liquid immersion region AR2 and the supply 
pipe 3 connected thereto, and the liquid recovery device 
2 for recovering liquid 30 and the recovery pipe 4 con- 

35 nected thereto need not be attached to the substrate 
stage PST which is a moving portion, the disadvantage, 
due to the device and the pipes, that the movement of 
the substrate stage PST is disturbed can be suppressed, 
for example. 

40 [0041] It should be noted that although, in the embod- 
iment, it is configured such that the temperature of liquid 
30 supplied to the liquid bath 1 0 to form the liquid immer- 
sion region AR2 is adjusted by the temperature adjusting 
device provided to the liquid supply device 1 , it may also 

45 be configured such that a temperature adjusting device 
of liquid 30 for forming the liquid immersion region AR2 
is attached to the liquid bath 10. 

[0042] It is to be noted that although, in the embodi- 
ment, it is configured such that during the scanning ex- 

50 posure, the liquid supply operation and the liquid recov- 
ery operation are continued to continuously make liquid 
30 flow, the liquid immersion exposure can also be per- 
formed in the state that the liquid 30 is, without being 
made to flow, pooled in the liquid bath 10. However, with 

55 the supply and recovery of liquid 30 being performed, 
occurrence of temperature change (temperature rise) of 
liquid 30 in the liquid bath 10 due to the exposure light 
irradiation heat can be suppressed, and deterioration of 
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the pattern can be prevented. Further, with the supply 
and recovery of liquid 30 being continuously performed 
during the exposure, clean liquid 30 can be always sup- 
plied from the liquid supply device 1 to the liquid bath 1 0, 
and, at the same time, even if impurities have come to 
be mixed in the liquid 30 of the liquid bath 10, the impu- 
rities can be immediately recovered from the liquid bath 
10 by the liquid recovery device 2. 
[0043] It should be further noted that as shown in FIG 
4, on each of the Y-direction side portions between which 
the optical element PLa of the projection optical system 
PL is interposed may be provided supply nozzles 
13A-13C, supply nozzles 14A-14C, recovery nozzles 
15A, 15B, 16A, and 16B. By virtue of those supply noz- 
zles and recovery nozzles, even when the substrate P 
moves in the non-scanning direction (the Y-axis direc- 
tion) during its stepping movement, the liquid 30 can be 
stably supplied between the projection optical system PL 
and the substrate P. Still further, while, in the above-de- 
scribed embodiment, the liquid bath 1 0 is attached to the 
lens barrel in the vicinity of the upper end portion of the 
projection optica! system PL, it may also be configured 
such that the bath is held by a supporting member sep- 
arated from the projection optical system PL. 
[0044] Next, referring to FIGS. 5 and 6, a second em- 
bodiment exposure apparatus of the present invention 
will be described. FIG. 5 is a sectional side view of liquid 
immersion unit 100 of the second embodiment; FIG. 6 is 
a plan view thereof viewed from above. Here, in the fol- 
lowing description, the same or equivalent constituent 
elements as those in the above-described embodiment 
are denoted by the same reference numerals, and their 
descriptions will be abridged or omitted. 
[0045] In FIGS. 5 and 6, the liquid immersion unit 100 
is provided with a liquid immersion forming member 20 
that is attached to the upper end portion optical element 
PLa of the projection optical system PL and has an upper 
surface 21 facing the substrate P, with liquid supply ports 
23A-23C that formed on the upper surface 21 and are 
connected to the liquid supply device 1 via flow paths 
22A-22C formed inside the forming member 20 and sup- 
ply pipe 3, and with liquid recovery ports 25A and 25B 
that formed on the upper surface 21 and are connected 
to the liquid recovery device 2 via flow paths 24A and 
24B and recovery pipe 4. The forming member 20 has, 
in its center portion, as viewed from the top, a hole portion 
20A that fits with the optical element PLa of the projection 
optical system PL, and it is configured such that when 
the optical element PLa is fitted with the hole portion 20A, 
the upper surface 21 of the forming member 20 and the 
upper end surface of the optical element PLa of the pro- 
jection optical system PL are substantially flush with each 
other. Each of the liquid supply ports 23A-23C is provided 
on the -X side of the optical element PLa of the projection 
optical system PL and discharges the liquid 30 upwardly. 
On the other hand, the liquid recovery ports 25A and 25B 
are provided on the +X side of the optical element PLa 
and suck the liquid 30 downwardly. It should be noted 



that while, in this embodiment, three liquid supply ports 
and two liquid recovery ports are provided with, the 
number and arrangement thereof may be set in a discre- 
tionary way. Further, as well as the first embodiment, 

5 separate liquid supply ports and liquid recovery ports may 
be provided on the upper surface 21 in the arrangement 
in which the above-described liquid supply ports 
23A-23C and liquid recovery ports 25A and 25B are ro- 
tated by substantially 180 degrees. 

w [0046] Outside of the liquid supply ports 23A-23C and 
the liquid recovery ports 25A and 25B on the upper sur- 
face 21 are provided trap portions 28 and 29 that recover 
liquid 30 that has not been recovered by the liquid recov- 
ery ports. Each of the trap portions 28 and 29 is an 

15 arc-shaped groove, as viewed from the top, and is pro- 
vided in the position such that the optical element PLa 
of the projection optical system PL is interposed between 
the trap portions. 

[0047] In FIG 5, a flow path 30 connected to the trap 
20 portion 29 is connected to a tank 32 and to a vacuum 
pump 34 as a suction device, via a conduit 31 provided 
outside the forming member 20. The flow path that con- 
nects the tank 32 with the vacuum pump 34 is provided 
with a valve 33. The tank 32 is provided with a discharge 
25 flow path 32A, and it is configured such that when the 
liquid 30 has pooled in the tank up to a predetermined 
amount, the liquid is discharged through the discharge 
flow path 32A. It should be noted that although not shown, 
a flow path 35 connected to the trap portion 28 is also 
30 connected to a tank, a valve, and a vacuum pump, similar 
to the above-described ones. 

[0048] When the substrate P is scan-exposed while 
moving the substrate in the +X direction, the controller 
CONT drives the liquid supply device 1 and the liquid 

35 recovery device 2, supplies the liquid 30 to the upper 
surface 21 via the liquid supply ports 23A-23C, and forms 
the liquid immersion region AR2 between the optical el- 
ement PLa of the projection optical system PL and the 
substrate P. And, the liquid 30 is recovered via the liquid 

40 recovery ports 25A and 25B, and the substrate P is ex- 
posed, with liquid 30 being made to flow in the direction 
parallel to (in the same direction as) the scanning direc- 
tion of the substrate P. In this case, the liquid 30 supplied 
from, e.g., the liquid supply device 1 via supply ports 

45 23A-23C flows in the manner that the liquid, being in- 
duced by the +X direction movement of the substrate P, 
is pulled into the space between the projection optical 
system PL and the substrate P, and thus, even if the 
supply energy of the liquid supply device 1 is small, the 

50 temperature-adjusted liquid 30 is always supplied from 
the liquid supply device 1 between the upper end surface 
of the optical element PLa and the substrate P, and ex- 
cessive temperature change (temperature rise) of the liq- 
uid 30 due to the irradiation heat of the exposure light is 

55 suppressed, which realizes a high accuracy exposure of 
the pattern image. 

[0049] The liquid bath having the side wall is used to 
hold the liquid 30 in the first embodiment; in contrast, it 
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is configured in the second embodiment such that the 
liquid 30 is disposed between the planar upper surface 
21 and the upper end surface of the optical element PLa, 
and the substrate P, and thus, even when the substrate 
P is inclined by a large amount, the substrate P does not 
come into contact with the forming member 20. And, 
since, also in this embodiment, it is configured such that 
the substrate P is moved in the state that the liquid im- 
mersion forming member 20 of the liquid immersion unit 
100 is fixed to the projection optical system PL that does 
not move, undulation, scattering, etc. of the liquid 30 do 
not occur, which realizes stable projection of the pattern 
image onto the substrate P. 

[0050] It should be noted that while, in the embodi- 
ment, it is configured such that the supply and recovery 
operations of the liquid 30 are performed through the 
multiple liquid supply ports and liquid recovery ports pro- 
vided in the predetermined positions on the upper surface 
21 , it may also be configured such that by combining the 
multiple liquid supply ports and liquid recovery ports re- 
spectively, for example, as shown in FIG. 7, a liquid sup- 
ply hole 23 and a liquid recovery hole 25, each long 
hole-shaped (arc-shaped) as viewed from the top, are 
provided. Further, as shown in FIG. 7, the trap portion 
28 may be formed annularly so as to surround the optical 
element PLa of the projection optical system PL. Still fur- 
ther, it may be configured such that, without providing 
the liquid recovery ports 25A and 25B, all of the supplied 
liquid 30 is recovered by the trap portions 28 and 29. 
[0051 ] It is to be noted that in the embodiment, the trap 
portions for recovering the liquid 30 that has not been 
recovered by the liquid recovery ports are constituted by 
the grooves and the vacuum pumps (suction devices) 
connected thereto, but, by, for example, disposing po- 
rous members, such as sponges, in the grooves, the liq- 
uid 30 that has not been recovered can be recovered and 
held by the porous members. 

[0052] As described above, the liquid 30 of the embod- 
iments is constituted by purified water. Purified water has 
the advantage that it can be easily available in large quan- 
tities in, e.g., a semiconductor manufacturing factories 
and also the advantage that it does not adversely affect 
photoresist on the substrate P, the optical elements (lens- 
es), etc. Further, purified water does not adversely affect 
the environment and contains scarcely any impurities. 
Thus, the effect that it cleans the surface of the substrate 
P and the surface of the optical element provided at the 
end portion of the projection optical system PL can be 
expected. And, the refractive index n of purified water 
(water) relative to the exposure light EL having a wave- 
length of about 193 nm is approximately 1 .44, and when 
ArF excimer laser light (having 193 nm wavelength) is 
used as the light source of exposure light EL, the wave- 
length is effectively shortened, on the substrate P, as 
multiplied by 1/n, i.e., effectively becomes approximately 
134 nm, and thus, a high resolution can be obtained. 
Furthermore, because the depth of focus will increase 
approximately n times, i.e., approximately 1.44 times, 



that of in air, the numerical aperture of the projection op- 
tical system PL can be further increased if it is preferable 
to ensure a depth of focus approximately the same as 
that when used in air, and the resolution is also improved 

5 from this standpoint. 

[0053] It should be noted that if the pressure, caused 
by the flow of the liquid 30, of the space between the 
optical element located at the end of the projection optical 
system PL and the substrate P is high, it may be config- 

io ured such that the optical element is rigidly fixed so as 
not to move due to the pressure, instead of making the 
optical element exchangeable. 

[0054] It should be noted that while, in the embodi- 
ments, the liquid 30 is water, the liquid 30 may be a liquid 
15 other than water. For example, when the light source of 
the exposure light EL is an F 2 laser, the F 2 laser light 
does not transmit through water, and thus, as the liquid 
30. a fluorofluid that can transmit the F 2 laser light may 
be used. Further, as the liquid 30, a material (e.g., cedar 
oil) that can transmit the exposure light EL, has a high 
refractive index as high as practicable, and does not af- 
fect the projection optical system and the photoresist ap- 
plied to the surface of the substrate P can also be used. 
[0055] It is to noted that the substrate P of each of the 
above-described embodiments, can be not only a sem- 
iconductor wafer for manufacturing a semiconductor de- 
vice, but also a glass substrate for a display device, a 
ceramic wafer for a thin film magnetic head, a master 
mask or reticle (synthetic quartz or silicon wafer), etc. 
[0056] As the exposure apparatus EX, in addition to a 
scan type exposure apparatus (scanning stepper) in 
which while synchronously moving the mask M and the 
substrate P, the pattern of the mask M is scan-exposed, 
a step-and-repeat type projection exposure apparatus 
(stepper) that exposes the full pattern of the mask M in 
the state in which the mask M and substrate P are sta- 
tionary, and the substrate P is successively moved step- 
wise can be used. Also, the present invention can be 
applied to a step-and-stitch type exposure apparatus in 
which at least two patterns are transferred onto the sub- 
strate P in a partially overlapping manner. 
[0057] Also, the present invention can be applied to a 
twin stage type exposure apparatus, which is disclosed 
in, e.g., Japanese Unexamined Patent Application, First 
Publication Nos. H1 0-1 63099 and H1 0-214783, and 
Published Japanese Translation No. 2000-505958 of the 
PCT International Publication. 

[0058] The type of exposure apparatus EX, the present 
invention is not limited to an exposure apparatus, which 
exposes a semiconductor pattern onto the substrate P, 
for manufacturing semiconductor devices, but can also 
be applied to a variety of exposure apparatuses, e.g., an 
exposure apparatus for manufacturing liquid crystal dis- 
play devices or a displays, an exposure apparatus for 
manufacturing thin film magnetic heads, an exposure ap- 
paratus for manufacturing image pickup devices, and an 
exposure apparatus for manufacturing reticles or masks. 
[0059] When using a linear motor (see U.S. Patent No. 
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5,623,853 or U.S. Patent No. 5,528,118) in substrate 
stage PST or mask stage MST, either air-cushion type 
linear motor using an air bearing or a magnetic levitation 
type linear motor using a Lorentz force or reactance force 
may be used. Further, each of substrate stage PST and 
mask stage MST may be either of a type moving along 
a guide or of a guideless type having no guide. 
[0060] For the driving mechanism for each of the sub- 
strate stage PST and the mask stage MST, a planar mo- 
tor may be used that opposes a magnet unit in which 
magnets are two-dimensionally arranged to an armature 
unit in which coils are two-dimensionally arranged, and 
that drives each of the substrate stage PST and the mask 
stage MST by an electromagnetic force. In this case, ei- 
ther one of the magnet unit and the armature unit is at- 
tached to the stage PST or the stage MST, and the other 
unit is attached to the moving surface side of the stage 
PST or the stage MST. 

[0061] A reaction force generated by the movement of 
the substrate stage PST may be, as described in Japa- 
nese Unexamined Patent Application, First Publication 
No. H08-1 66475 (USP 5,528,118), mechanically re- 
leased to the floor (earth) by use of a frame member so 
that the force does not transmit to the projection optical 
system PL. 

[0062] A reaction force generated by the movement of 
the mask stage MST may be, as described in Japanese 
Unexamined Patent Application, First Publication No. 
H08-330224 (U.S. Patent Application Serial No. 
08/416,558), mechanically released to the floor (earth) 
by use of a frame member so that the force does not 
transmit to the projection optical system PL. 
[0063] As described above, the exposure apparatus 
EX according to the embodiments of the present appli- 
cation is built by assembling various subsystems, includ- 
ing each element listed in the claims of the present ap- 
plication, in such a manner that prescribed mechanical 
accuracy, electrical accuracy, and optical accuracy are 
maintained. In order to ensure the various accuracies, 
prior to and after the assembly, every optical system is 
adjusted to achieve its optical accuracy, every mechan- 
ical system is adjusted to achieve its mechanical accu- 
racy, and every electrical system is adjusted to achieve 
its electrical accuracy. The process of assembling each 
subsystem into the exposure apparatus includes me- 
chanical interfaces, electrical circuit wiring connections, 
and air pressure plumbing connections between each 
subsystem. Needless to say, there is also a process 
where each subsystem is assembled prior to the assem- 
bling of the exposure apparatus from the various subsys- 
tems. On completion of the process of assembling the 
various subsystems in the exposure apparatus, overall 
adjustment is performed to make sure that every accu- 
racy is maintained in the complete exposure apparatus. 
Additionally, it is desirable to manufacture the exposure 
apparatus in a clean room, in which the temperature, 
purity, etc. are controlled. 

[0064] As shown in FIG. 8, micro devices such as sem- 



iconductor devices are manufactured by a series of 
steps, including: step 201 in which the micro device's 
function and performance design is performed; step 202 
in which a mask (reticle) is manufactured based on the 

5 design step; step 203 in which a substrate, the device's 
base material, is manufactured; step 204 in which the 
mask pattern is exposed onto the substrate by the expo- 
sure apparatus EX according to the above-described em- 
bodiments; device assembly step 205 (including the dic- 

10 jng process, bonding process, and packaging process); 
inspection step 206. 

INDUSTRIAL APPLICABILITY 

15 [0065] In accordance with the present invention, since 
scattering of a liquid for forming a liquid immersion region 
can be suppressed, and, at the same time, the movement 
of a substrate stage is not obstructed by pipings and the 
like for supplying and recovering the liquid, required pat- 

20 terns can be exposed onto the substrate with high accu- 
racy. 

Claims 

25 

1. An exposure apparatus wherein an image of a pat- 
tern is projected onto a substrate via a projection 
optical system to expose said substrate, comprising: 

30 a substrate moving device that is movable while 

holding said substrate above said projection op- 
tical system; and 

a liquid immersion unit that fills at least a portion 
of the space between said projection optical sys- 
35 tern and said substrate with a liquid, wherein 

said image of the pattern is projected onto said 
substrate via said projection optical system and 
said liquid. 

2. An exposure apparatus according to claim 1 , where- 
in said substrate is exposed in the state that the sub- 
strate is held such that the exposure surface of said 
substrate is in contact with the surface of said liquid. 

^5 3. An exposure apparatus according to claim 1 , where- 
in 

said liquid immersion unit has a liquid bath for holding 
said liquid on the upper end surface of said projection 
optical system, and 
50 said substrate is exposed in the state that said ex- 
posure surface of said substrate is in contact with 
said surface of said liquid held by said liquid bath. 

4. An exposure apparatus according to claim 1 , where- 
55 in said liquid immersion unit has a liquid supply de- 
vice that supplies said liquid and liquid recovery de- 
vice that recovers said liquid. 
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An exposure apparatus according to claim 4, further 
comprising: a liquid trap that is arranged around said 
upper end surface of said projection optical system 
and is for preventing leakage of the liquid. 

5 

An exposure apparatus according to claim 4, where- 
in said liquid supply device has a supply port that 
discharges the liquid upwardly, and said liquid re- 
covery device has a recovery port that sucks the liq- 
uid downwardly. 10 

An exposure apparatus according to claim 6, where- 
in with respect to said upper end surface of said pro- 
jection optical system, a liquid trap is provided out- 
side of said recovery port for preventing leakage of is 
the liquid. 

A device manufacturing method that uses an expo- 
sure apparatus according to claim 1 . 
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